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& This Technical Report covers the work performed by Wvman-
Gordon Company under Air Force Contract F33615-76C-5083
during the period 1 April 1976 through 15 July 1977. The

primary objective of this program is to evaluate and to

scale-up the newly-developed lubrication systems for

isothermal forging of titanium alloys.

This contract with Wyman-Gordon Company is monitored tech-
nically by Mr. A. M. Adair, Processing and High Temperature

Materials Branch, Metals and Ceramics Division, Air Force

it i

Materials Laboratory, Air Force Systems Command, Wright-

Patterson Air Force Base, Ohio. The proaram work was
conducted by the Research and Development Department of

Wyman-Gordon Company with C. C. Chen as program manager.

e v e A A

Mr. J. E. Coyne is Vice President and Technical Director of
the company, and Mr. W. H. Couts is Manager of the Research

and Development Department.
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SECTION T

SUMMARY AND RECOMMENDATION

A. Main Objective of the Program

i; The main objective of the subject program is to evaluate and
to scale-up the newly-developed lubrication systems for
isothermal forging of both alpha-beta and beta titanium
alloys. It is to further continue investigations in improved
lubricant compositions from the standpoint of lubrication
effectiveness, practical requirements, and environmental
acceptability, for manufacturing aircraft gquality components

through isothermal forgings.

B Lubricants for Alpha-Beta Titanium Alloys

1 i There is a detrimental influence of gas-fired environment

on both anti-friction and adhesion characteristics of

| the lubricants. None of the present lubricants could
provide satisfactory lubrication-functions for use in
the gas-fired environment.

Zs In a gas-fired furnace, the performance of TRW's GFRBN-8
and GFTC-8 was extremely poor. Acheson's Deltaglaze-69

gave the most acceptable performance.

|
{
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By heating in an electric furnace, the best combination
of lubricity, adhesion, and surface finish was achieved
by TRW's GFBN-8. Acheson's Deltaglaze-69 provided
excellent anti-friction characteristics, but displayed
unfavorable adhesion properties. TRW's GFTC-8 gave

excellent adhesion, but had lower lubricity.

Lubricants for Beta-Titanium Alloys

The TRW's LFC-11 gave the best combination of lubricity
and adhesion characteristics in both electric and gas-
fired furnaces for use in the 1300 to 1550F temperature
range, and may represent the state of the art for iso-
thermal forging lubricant of beta-titanium alloys.
TRW's LFC-8 provided excellent adhesion properties, but
it displayed comparably poor lubricity and stability.
The Acheson's Deltaglaze-149 had excellent anti-friction
characteristics; however, it gave unfavorable adhesion
strength.

The gas-fired environment appeared to have an etffect on
both metal flow and adhesion strength of the coating,
but the degree of influence was considerably smaller,
as compared with the lubricants (i.e., TRW's GFBN-8 ard

GFTC-8) for alpha-beta titanium alloys.




General Summary

Several excellent lubricants have becn recently devel-
oped for isothermal forging of alpha-beta titanium
alloys. However, each lubricant still has its relative
virtues and limitations in manufacturing performance.
The reliability of the lubricant effectiveness and

performance could not be satisfactorily demonstrated

before one tests such lubrications directly in actual
performance conditions and requirements in the forge
shop.

The glass coatings for alpha-beta titanium alloys are
excellent in lubricity and have good protective nature.
However, the inability to good atmosphere stability,
good release agent, low accumulation tendency, and low
corrosive activity limits the precision achievable with
the glass coatings.

At the present state of technology, the isothermal
forging lubricants for beta titanium alloys mav be
regarded as much more readily acceptable lubricants for
manufacturing applications. Lubricants with excellent

combinations of lubricity, adhesion characteristics,

and environmental inertness are available.
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SECTION II

INTRODUCTION AND BACKGROUND REVIEW |

A. State-of-Technology in Isothermal Forging Lubrication

Since the introduction of isothermal forging techniques for
producing close-tolerance forgings, considerable effort has
been concerned with the development of improved lubrication
systems for isothermal forging of titanium alloys ('-°).
This is basically because the ability to produce cost-
effective net or near-net structural components through

isothermal processing depends strongly upon the effective-

ness of the lubrication system used.

In very recent development programs of isothermal forging
lubrication systems (‘, %), several lubricants have been
developed for the isothermal forging of titanium alloys.
Among them, the TRW's GFBN-8 and GFTC-8 under AFML Contract

F33615-74C-5059, and Acheson's Deltaglaze-69 and TRW's OPT-

112 under AFML Contract F33615-74C-5011 should be particularly
mentioned. These lubricants were reported to possess superior j i
qualities to those of the previously available hot-die

lubricants. In addition to high lubricity, long-term thermal

stability, good chemical compatibility with die materials,

they were experimentally shown to have the ability to with-

stand gas-fired furnace atmosphere. However, these lubricants
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have still some limiting features for a successful production
lubricant. It can be generally stated that the Acheson
Deltaglaze-69 possesses major advantages over the TRW formula-
tions in the environmental acceptability, ease and safety of
application, but the TRW lubricants appear to give better
removability, less die build-up in the cavity, and fewer

glass stringers.

A successful lubrication system for the manufacturing net or
near-net forgings through isothermal processing depends not
only on the basic lubrication characteristics, but also upon
its actual performance conditions and environmental require-
ments in the forge shop. From manufacturing viewpoints,
there are two fundamental bases for an acceptable and success-
ful lubricant. The primary consideration must be that the
lubricant will display excellent lubrication performance for
producing structural shape forgings in the forge shop.
Secondly, if one considers the extreme thermal environment
conditions encountered by isothermal forging systems, the
ability of a lubricant to combine the environmental, safety,
and health requirements, as well as the ease of handling at

high temperature environments is of equal importance.

g
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B. Basic Formulations on the
Basis of the Carrier Used

Although the developed lubricants are similar in many

respects in optimizing the lubrication characteristics for
the use in hot-die systems, the basic concepts of lubricant
development can be generally grouped into two different
categories depending on the nature of the carrier used,
i.e., the water-base (', ?) or the xylene-base (!, °).
Others are alcohol-base (e.g. Acheson's Deltaglaze D-347M)
and Isopropanol-base (e.g. Acheson's Deltaglaze D-~347). The

development approach for the water-based lubricants, such as

Acheson Deltaglaze formulations, concerns with both basic
lubrication characteristics, and environmental and safety

requirements from a production basis.

In the case of xylene-based lubricants, such as TRW-OPT
formulations and Markal-CRT coatings, the fundamental concept
concentrated primarily on maximizing the lubrication effective-
ness; the environmental consequences to the use of the
lubricant in manufacturing applications are not of particular
concern. Xylene (C6H4.(CH3)2) is a flammable liquid, and

also a human-toxic chemical. 1Its explosive limits in air

are 1 to 5% by volume. Examples of available xylene-based

lubricants are TRW's OPT-112, GFBN-8, GFTC-8, Markal's CRT,

CRT-HA.




C. Experimental Nature of Lubricant Performance

The reproducibility and reliability of the lubricant performance
could not be satisfactorily demonstrated before one tests
such lubrication systems directly in a die set which is
sufficiently large and complex to accommodate the size and
geometry required for the actual structural shape forgings.
However, the previous development work on evaluating the
lubricant effectiveness for isothermal forging of titanium
alloys has been limited only to produce laboratory-scale
forgings (', *). 1In some cases, the evaluation has extended
to simulated airframe structural components, but the size
and rib-and-web geometry for the components used were gener-
ally oversimplified. In view of the advanced progress in
the technology of isothermal forgings for titanium alloys,
there appears to be a need for accelerating and for demon-
strating the validity of the lubricant effectiveness by

forging in a more realistic and complex shape component.
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D. Status of Isothermal Forging
Technology on an Economic Basis

7

In titanium alloy forgings, the techniques of making isothermally
forged components have been available =%y However, the

cost effectiveness of the isothermal processing over a wide

range of structural components has been a question of uncer-
f tainty. One of the major factors in limiting the economical
| justification of hot-die processes has been the high cost of

the die materials required for the process.

An alternate approach to reduce the cost of isothermal

forging systems for titanium alloys is to use the lower die
temperature. This suggests that the beta type of alloy such
as Ti-10V-2Fe-3Al will be ideal candidate materials because

this type of alloys has relatively low beta transus tempera-

i - st Al

ture and possesses much lower flow stress than that of
alpha-beta alloys at higher temperature (Figure 1) (). The
i possibility of using a die temperature at the 1300 to 1550F

range for isothermal forging has excellent advantages from

the cost and the stability of available die alloys (').




YIELD STRESS (ksi)

5

|

Ti- 6AI- 4V

Ti-10V~-2Fe - 3AI

Xet/s
TRANSUS
(Ti-10-2-3)

|

|
!
I
I
|
(O T

STRAIN INITIAL

1

RATE (m™!) MICROSTRUCTURE

0 008 x + &
0 008 r
0 008 4
010 o

|

—--.-.._
s e
e
—0—

«cem /s

TRANSUS

(Ti-6-4)
1

|
[
I
|
|
[
l
|
!
[
I
I
l
[
|
[
{
|
I
I
I
I
I
!
|
|
|
I
|
|
2

7

B

1300

Figure

1

1400 1800

1600 1700

TENSILE TEST TEMPERATURE (°F)

Temperature Dependence of Yield Strenath

for Ti=oAl-4V and

Ti=10V=2Fe=-3A1 Allovs

1800




R B Rt e et el e

SECTION IiI

TECHNICAL EFFORT

i, e S s e S i i e

The technical approach for the program was primarily con-
ducted in order to demonstrate the reproducibility and the
acceptability of newly developed isothermal forging lubricants
for producing close tolerance titanium forgings. In Phase

I, the technical effort was designed to critically test che
lubrication effectiveness for the lubricants recently developed
under AFML Cortract F33615-74C~5059 (°); the currently
available lubricants of Acheson Deltaglaze-69 for alpha-beta 1
titanium alloys and Acheson Deltaglaze-149 for beta titanium
alloys were selected for comparison. An existing tooling

system at Wyman-Gordon Company was used for manufacturing

actual aircraft quality component forgings and for evaluating

EEEREESENGRS S

! the lubricity, adherence characteristics, and protective

action of the lubricants. 1

Also, the technical approach in the Phase I1 was

ff to develop new lubricants which would provide combined
functions of lubricant effectiveness, environmental, safety
acceptability, and ease of handling at extreme high taermal
environments for isothermal forging of alpha-beta titanium
alloys. A final comparison was made to select the one most
promising lubricant for each of alpha-beta and beta titanium

alloys.

o
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The part selected for this program is one of the F-15 bulkhead
centerbody components with a projected plan view area of 80
square inches. This die-set (Figure 2) is made of Astroloy
and has a die impression volume of 34.2 in.®, web thickness
of 0.18 inch, and rib thicknesses ranging from 0.08 to 0.14
inch. The draft angle for the die cavity is 0° 30' draft on
two long outside vertical surfaces, and 1° 30' draft on most
inside vertical surfaces. This part is very attractive for
assessing lubricant efficiency because it represents a
typical production part for moderate aircraft components and
also characterizes structural rib-and-web shape geometries
for large aircraft components. The results obtained from
producing this part forging should have direct applicability
to produce the still larger forgings most commonly used.

In addition, they should serve to validly produce Bearing
Support Components for the recently completed AFML Manu-
facturing Technology isothermal forging tooling program at
Wyman-Gordon Company because of similar shape and geometry

characteristics ().
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A. Phase I - Lubricant Evaluation

115 Task I - Alpha-Beta Titanium Alloy
(1500-1800F Range)

The Ti-6A1-4V alloy was employed for this portion of the
evaluation. Two of the most promising candidate isothermal
forging lubricants developed under AFML contract F33615-74C-
5059 (°) were initially evauated at two isothermal part/die
temperatures of 1600F and 1750F. For comparison, the Acheson

Deltaglaze-69 was also used for this portion of the program.

(a) Experimental Lubricants Developed
Under Contract F33615-74-C-5059

The two AFML-recommended lubricants (TRW GFBN-8 and GFTC-8)
were used for forging evaluations in the 1500 to 1800F
temperature range (S Ten different lots of lubricants
were received; five, one-half gallon quantities representing
five different batches per each lubricant. Both experi-
mental lubricants were sampled from batches number A and
number E of each lubricant for analyzing undesirable elements
at Wyman-Gordon. As given in Table 1, the results of spectro-
chemical analysis indicated that both lubricants contained
only very small amounts of undesirable elements; amounts of
As, Bi, Cl1, F, Hg, P, Pb, S, Sb, and Na were within the

acceptable limit.

e S i i s




b |
*\ TABLE 1 ; |

. SPECTROCHEMICAL ANALYSIS RESULTS OF VARIOUS CANDIDATE LUBRICANTS

Lubricant Compositions (PPM)

Phase I (Task I) Phase I (Task II) Phase I1I
Element* GFBN-8 GFTC-8 LFC-8 TFC-11 Water Glass
A E A E 3 (CP-C9)
As <10 <10 <10 <10 <100 <100 <100
9 Bi 30 50 20 <10 < 10 10 < 10
: c1 <100<100 <100<100 < 50 < 50 < 70
F <50 <50 <50 <50 < 50 < 50 < 50
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